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Description 

[0001] The present invention relates to a polymeric fluorescent substance, a polymer light emitting device (herein- 
after, referred to as polymer LED) containing the same in an light emitting layer, and a device using the same. 
5 [0002] Inorganic electroluminescence devices (hereinafter, sometimes referred to as inorganic EL device) using an 
inorganic luminescent material as a light emitting materia! are used for example for flat light sources as back-lights and 
displays such as a flat panel display and the like, however, an alternating current of high voltage has been required for 
light emission. 

[0003] Recently, Tang et al. fabricated an organic electroluminescence device (hereinafter, sometimes referred to 
10 as organic EL device) having a double-layer structure in which an organic fluorescent dye as a light emitting layer is lam- 
inated with an organic charge transport compound used in photosensitive layer for electrophotography and the like 
(Japanese Patent Application Laid-Open (JP-A) No. 59-194393). Since organic EL devices have characteristics that 
light emissions of a lot of colors are obtained easily in addition to low voltage driving and high luminance as compared 
with inorganic EL devices, there have been reported a lot of trials regarding device structures, organic fluorescent dyes 
75 and organic charge transport compounds of organic EL devices [Jpn. J. AppL Phys., 27, L269 (1988), J. Appl. Phys., 
.. 65,3610 (1989)]. 

[0004] Further, apart from organic EL devices using mainly organic compounds having a lower molecular weight, 
polymer light emitting devices (hereinafter, sometimes referred to as polymer LEDs) using light emitting materials having 
a higher molecular weight have been proposed in such as WO 9013148 published specification, JP-A No. 3-244630, 
20 Appl. Phys. Lett., 58, 1 982 (1 991 ).WO901 31 48 discloses in the Examples an EL device using a thin film of poiy(p-phe- 
nylene vinylene) obtained by forming a film of a soluble precursor on the electrode and subjecting it to a heat treatment 
to convert the precursor into a conjugated polymer. 

[0005] Further, JP-A 3-244630 has exemplified conjugated polymers having a feature that they are themselves sol- 
uble in a solvent and need no heat treatment. Also in Appl. Phys. Lett., 58, 1 982 (1 991 ), polymeric light emitting mate- 
25 rials soluble in a solvent and a polymer LED fabricated using the same are described. " - 

[0006] Polymer LEDs are advantageous for formation of a film having large area and reduction in cost since an 
organic layer can be easily formed by coating, as compared with the case of vapor deposition of a material having a 
lower molecular weight, and the mechanical strength of the resulting film is believed to be high because of a high molec- 
ular weight thereof. 

30 [0007] Conventionally, as the light emitting materials used in these polymer LEDs, there have been reported poly- 
fluorene (Jpn. J. Appl. Phys., 30, L1941 (1991)), poly p-phenylene derivative (Adv. Mater. , 4, 36 (1992)) and the like, in 
addition to the above-described poly(p-phenylene vinylene). 

[0008] Japanese Patent Application Laid — Open^ (JP — A) No. 5-202355 describes a polymeric fluorescent sub- 
stance comprising a copolymer composed of 2 or more arylenevinylene repeating units, and as the arylene group, a 
35 biphenylene group and terphenylene group are exemplified. 

[0009] JP-A No. 1 1 -97175 describes a polyarylenevinylene composed of an arylene group or aromatic heterocyclic 
group substituted with two or more aryl groups or aromatic heterocyclic groups, and as the arylene group, a biphe- 
nylene group and terphenylene group are also exemplified. 

[0010] JP-A No. 1 1-140168 describes a poly(substituted biphenylenevinylene) and a production method thereof. 
40 [0011] JP-A'No. 11-502248 describes a polymer containing an oiigo-p-phenyiene unit and a production method 
thereof. 

[0012] JP-A No. 10-36487 describes an alternating copolymer of fiuorenevtnylene arid arylenevinylene. 
[0013] Though various polyarylenevinylenes and copolymers thereof have thus been disclosed as a polymeric flu- 
orescent substance used on polymer LED, polymeric fluorescent substances which emits a further strong fluorescence 
45 have been required. 

[0014] The object of the present invention is to provide a polymeric fluorescent substance emitting strong fluores- 
cence, a polymer LED and a device having high performance which can be driven at low voltage at high efficiency by 
using the polymeric fluorescent substance. 

[001 5]- According to the present invention it has been found that a polymeric fluorescent substance containing spe- 
50 cific proportion of a repeating unit comprising 2 to 5 arylene groups or heterocyclic compound groups manifests 
stronger fluorescence, and that by using this polymeric fluorescent substance, a high performance polymer LED which 
can be driven at lower voltage and at higher efficiency is obtained. 
[0016] Namely, the present invention relates to 

55 [1] A polymeric fluorescent substance which emits a fluorescence in solid state and having a number-average 

molecular weight of 1 0 3 to 1 0 8 in terms of polystyrene, wherein the substance contains each one or more of repeat- 
ing units represented by the following formula (1) and formula (3), respectively, and these repeating units are so 
selected as to satisfy the following conditions (a) to (c): 
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(a) : the total amount of the repeating units represented by the formulae (1) and (3) is 50 mol% or more of the 
amount of the whole repeating units, 

(b) : the amount of the repeating unit represented by the^formula (3) is more than 0.1 mol% and less than 9 
mol% based on the total amount of the repeating units represented by the formula (1) and formula (3), and 

• (c): when the absorption edge wavelength of a polymer solely composed of a repeating unit represented by the 
formula (1) is represented by X ^ (nm) and the absorption edge wavelength of a polymer solely composed of a 
repeating unit represented by the formula (3) is represented by X 2 (nm), the following relation is satisfied: 

1239A ^1239/7,2+0.05 

-Ar 1 {CR l =CR 2 } n (1) 

[Wherein, is a group represented by the following formula (2). and R 2 each independently represents a 
group selected from the group consisting of a hydrogen atom, alkyl group having 1 to 20 carbon atoms, aryl 
group having 6 to 60 carbon atoms, heterocyclic compound group having 4 to 60 carbon atoms and cyano 
group, n is 0 or 1 .] " 

— Ar 2 ^Ar 3 > m Ar 4 — (2) 

[Wherein, Ar 2 to Ar 4 each independently represents. an arylene group having 6 to 60 carbon atoms contained 
in the main chain, or a heterocyclic compound group having 4 to 60 carbon atoms contained in the main chain. 
• At least one of Ar 2 to Ar 4 is a group other than a 6-membered ring, or at least one of Ar 2 to Ar 4 has asubstituent 
other than a hydrogen atom. When a plurality of substituents are carried, they may be the same or different. 
Adjacent rings may be mutually connected directly or via a substituent to form a ring, m is an integer from 0 to 
3. Wherein, Ar 2 and Ar 4 constitute a structure wherein if Ar 2 moves in parallel to the polymer main chain, it 
does not completely overlap Ar 4 .] 

— Ar 5 -(CR 3 =CR 4 >| (3) 

[Wherein, Ar 5 represents an arylene group having 6 to 60 carbon atoms contained in the main chain, or a het- 
erocyclic compound group having 4 to 60 carbon atoms contained in the main chain. R 3 and R 4 each inde- 
pendently represents agroup selected from the group consisting of a hydrogen atom, alkyl group having 1 to 
20 carbon atoms, aryl group having 6 to 60 carbon atoms, heterocyclic compound group having 4 to 60 carbon 
atoms. and cyano group. 1 is 0 or 1.] 

Further, the present invention relates to 
[2] A polymeric fluorescent substance which emits a fluorescence in solid state and having a number-average 
molecular weight of 1 0 3 to 1 0 8 in terms of polystyrene, wherein the substance contains each one.or more of repeat- 
ing units represented by formula (1)', formula (3) and the following formula (4), respectively, and these repeating 
units are so selected as to satisfy the following conditions (d) to (f): 

(d) : the amount of the repeating unit represented by the formula (1 ) is 1 0 mol% or more of the amount of the 
whole repeating units, and the total amount of the repeating units represented by the formula (1), formula (3) 
and formula (4) is 50 mol% or more of the amount of the whole repeating units,' 

(e) : the amount of the repeating unit represented by the formula (3) is more than- 0.1 mol% and less than 9 
mol% based on the total amount of the repeating units represented by the formula (1 ), formula (3) and formula 
(4), and 

(f) : when the absorption edge wavelength of a polymer solely composed of a repeating unit represented by the 
formula (1) is represented by X , (nm), the absorption edge wavelength of a polymer solely composed of a 
repeating unit represented by the formula (3) is represented by X 2 (nm) and the absorption edge wavelength 
of a polymer solely composed of a repeating unit represented by the formula (4) is represented by X 3 (nm) the 
following relations are satisfied: 

1239/?. ^1239/A 2+0.05 
1239A 3 s1239A 2 +0.05 
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_^r 6 {CR 5 =CR 6 f k (4) 

[Wherein, Ar 6 is an aryiene group having 6 to 60 carbon atoms contained in the main chain, or a heterocyclic 
compound group having 4 to 60 carbon atoms contained in the main chain. R 5 and R 6 each independently rep- 
5 resents a group selected from the group consisting of a hydrogen atom, alkyl group having 1 to 20 carbon 

atoms, aryl group having 6 to 60 carbon atoms, heterocyclic compound group having 4 to 60 carbon atoms and 
cyano group, k is 0 or 1 .] 

io Further, the present invention relates to 

[3] The polymeric fluorescent substance according to Claim 1 wherein the group represented by said formula (2) is 
a group represented by the following formula (5): 




20 (5) 



[Wherein, X 1 to X 12 each independently represents C-R 7 or N, and at least one of X, to X 12 is C-R 7 . Wherein, R 7 
represents a group selected from the group consisting of a hydrogen atom, alkyl group having 1 to 20 carbon 

25 atoms, alkoxy group having 1 to 20 carbon atoms, alkylthio group having 1 to 20 carbon atoms, alkylsilyl group hav- 
ing 1 to 60 carbon atoms, alkylamino group having 1 to 40 carbon atoms, aryl group having 6 to 60 carbon atoms, 
aryloxy group having 6 to 60 carbon atoms, arylalkyl group having 7 to 60 carbon atoms, arylalkoxy group having 
7 to 60 carbon atoms, aryialkenyl group having 8 to 60 carbon atoms, arylalkynyl group having 8 to 60 carbon 
atoms, arylamino group having 6 to 60 carbon atoms, heterocyclic compound group having 4 to 60 carbon atoms 

30 and cyano group. At least one R 7 is a group other than a hydrogen atom. When a plurality of R 7 s are present, they 

may be the same or different. 

The group represented by the formula (5) has at least one substituent other than a hydrogen atom, and when 
the group (5) has a plurality of substituents, they may be the same or different. Adjacent 6-membered rings may be 
mutually connected directly or via a substituent to form a ring, j is an integer from 0 to 3. Wherein, X-| and X 9 , X 2 

35 and X 10 , X 3 and X 11? and X 4 and X 12 are not respectively the same simultaneously, and and X 12 , X 2 and X 11f 

X 3 and X 10 , and X 4 and X 9 are not respectively the same simultaneously] 

Further, the present invention relates to 
[4] the polymeric fluorescent substance according to Claim 3 wherein j=0 in said formula (5). 
Further, the present invention relates to 

40 [5] a polymer light emitting device comprising a pair of electrodes composed of an anode and a cathode at least 

one of which is transparent or' semitransparent and at least one light emitting layer disposed between the elec- 
trodes, wherein the polymeric fluorescent substance of any of [1] to [4] is contained in the above-described light 
emitting layer. 

[6] the polymer light emitting device according to [5] wherein a layer containing an conducting polymer is disposed 
45 at least between one electrode and the light emitting layer so that the layer containing an conducting polymer is 

adjacent to the above-described electrode. 

Further, the present invention relates to 
[7] the polymer light emitting device according to [5] wherein an insulation layer having a thickness of 2 nm or less 
is disposed at least.between one electrode and the light emitting layer so that the insulation layer is adjacent to the 
so above-described electrode. 

Further, the present invention relates to 
[8] the polymer light emitting device according to any of [5] to. [7] wherein a layer comprising an electron transport- 
ing compound is disposed between the cathode and the light emitting layer so that the layer comprising an electron 
transporting compound is adjacent to the above-described light emitting layer. 
55 Further, the present invention relates to 

[9] the polymer light emitting device according to any of [5] to [7] wherein a layer comprising a hole transporting 
compound is disposed between the anode and the light emitting layer so that the layer comprising a hole transport- 
ing compound is adjacent to the above-described light emitting layer 



4 



BNSDOCID: <EP. 



.1074600A2_I_> 



EP 1 074 600 A2 



Further, the present invention relates to 
. [10] the polymer light emitting device according to any of [5] to [7] wherein a layer comprising an electron transport- 
ing compound is disposed between the cathode and the light emitting layer so that the layer comprising an electron 
transporting compound is adjacent to the above-described light emitting layer, and a layer comprising a hole trans- 
porting compound is disposed between the anode and the light emitting layer so that the layer comprising a hole 
transporting compound is adjacent to the above-described light emitting layer. 

Further, the present invention relates to 
[11] a flat light source obtained by using the polymer light emitting device of any of [5] to [10]. 

Further, the present invention relates to 
[12] a segment display obtained by using the polymer light emitting device of any of [5] to [1 0]. 

• Further, the present invention relates to 
[13] a dot matrix display obtained by using the polymer light emitting device of any of [5] to [1 0]. 

Further, the present invention relates to 
[14] a liquid crystal display obtained by using the polymer light emitting device of any of [5] to [10] as a back-light. 

[0017]. The polymeric fluorescent substance and a polymer LED using the same will be described in detail below 
[001 8] The polymeric fluorescent substance of the present invention is a polymeric fluorescent substance which 
emits anuorescence in solid state and having a number-average molecular weight of 10 3 to 10 8 in terms of polystyrene 
wherein the substance contains each one or more of repeating units represented by the above-described formula (.1) 
and formula (3), respectively, and these repeating units are so selected as to satisfy the following conditions (a) to (c): 

(a) : the total amount of the repeating units represented by the formulae (1) and (3) is 50 mol% or more of the 
amount of the whole repeating units, 

(b) : the amount of the repeating unit represented by the formula (3) is more than 0.1 mol% and less than 9 mol% 
25 based on the total amount of the repeating units represented by the formula (1) and formula (3) and 

(c) : when the absorption edge wavelength of a polymer solely composed of a repeating unit represented by the for- 
mula (1) is represented by X ,(nm) and the absorption edge wavelength of a polymer solely composed of a repeat- 
ing unit represented by the formula (3) is represented by X 2 (nm), the following relation is satisfied: 

30 123.9A. l£ 1239/X. 2 +0.05.. 

[0019] It is preferable that any one or more of the following conditions (a') to (c') are satisfied, more preferably three 
of them are satisfied, in addition to the above-mentioned conditions (a) to (c), depending on the structure of the repeat- 
ing unit: r 



w 



75 



20 



35 



50 
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(a'): the total amount of the repeating units represented by the formulae (1) and (3) is 70 mol% or more of the 
amount of the whole repeating units, 

(b) : the amount of the repeating unit represented by the formula .(3) is more than 0.2 mol% and less than 8 mol% 
based on the total amount of the repeating units represented by the formula (1) and formula (3) and 

(c) : the following relation is satisfied: 

1239/X ^1239/A, 2 +0.07. 

[0020] Another polymeric fluorescent substance of the present invention is a polymeric fluorescent substance 
which emits a fluorescence in solid state and having a number-average molecular weight 10 3 to 10 8 in terms of poly- 
styrene of wherein the substance contains each one or more of repeating units represented by the following formula 
(1), formula (3) and formula (4), respectively, and these repeating units are so selected as to satisfy the following con- 
anions (d) to (f): . 3 

(d) : the amount of the repeating unit represented by the formula (1) is 1 0 mol% or more of the amount of the whole 
repeating units, and the total amount of the repeating units represented by the formula (1 ), formula (3) and formula 
(4) is 50 mol% or more of the amount of the whole repeating units, 

(e) : the amount of the repeating unit represented by the formula (3) is more than 0.1 mol% and less than 9 mol% 
based on the total amount of the repeating units represented by the formula (1), formula (3) and formula (4) and 
(t): when the absorption edge wavelength of a polymer solely composed of a repeating unit represented by the for- 
mula (1) is represented by X , (nm), the absorption edge wavelength of a polymer solely composed of a repeating 

. unit represented by the formula (3) is represented. by X 2 (nm) and the absorption edge wavelength of a polymer 
solely composed of a repeating unit represented by the formula (4) is represented by X 3 (nm), the following rela- 
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tions are satisfied: 

1239/X ^1239/X. 2 +0.05 

5 1239A, 3 ^1239A 2 +0.05. ' 

[0021] It is preferable that any one or more of the following conditions (d") to (f ) are satisfied, more preferably three 
of them are satisfied, in addition to the above-mentioned conditions'(d) to (f), depending on the structure of the repeat- 
ing unit: 

10 

(d) : the amount of the repeating unit represented by the formula (T) is 20 mo!% or more of the amount of the whole 
repeating units, and the total amount of the repeating units represented by the formula (1), formula (3) and formula 
(4) is 70 mol% or more of the amount of the whole repeating units, 

(e) : the amount of the repeating unit represented by the formula (3) is more than 0.2 mol% and less than 8 mol% 
15 based on the total amount of the repeating units represented by the formula (1), formula (3) and formula (4), and 

(f) : the following relations are satisfied: 

1239/?, ^1239/X 2 +0.07 

20 1239A. 3^1239/X 2 +0.07. 

[0022] Ar-j is a group formed by connecting 2 to 5 arylene groups or heterocyclic compound groups represented by 
the formula (2). These groups are characterized by the position and bonding direction of a substituent on an arylene 
group or heterocyclic compound group at the both ends thereof, and Ar 2 and Ar 4 constitute a structure wherein if Ar 2 

25 moves in parallel, it does not overlap Ar 4 . Namely, both end groups have mutually different skeleton rings, alternatively, 
if they have the same ring, different su bst it uents are carried, or, even if the same substituent is carried on the same ring, 
the bonding number and position thereof are different and when the single bond of the main chain rotate, they do not 
show the same structure and direction. That is, they are different from those which are formed by connecting 2 to 5 of 
one kind of arylene group or heterocyclic compound group. 

30 [0023] One preferable example include groups formed by connecting 2 to 5 6-membered rings represented by the 
above-described formula (5) mutually at 1 ,4-position. These groups are characterized by the position of a substituent 
and the presence or absence and position of N, and different from those, obtained by connecting 2 to- 5 one kind of 6- 
membered rings. 

[0024] When Ar-j in the above-described formula (1) is a group represented by the above-described formula (5), it 
35 is a divalent group formed by connecting mutually 2 to 5 6-membered aromatic rings. Wherein, X 1 to X 12 each inde- 
pendently represents C-R 7 or N, and at least one of X^ to X 12 is C-R 7 . Wherein, R 7 represents a group selected from 
the group consisting of a hydrogen atom, alkyl group having 1 to 20 carbon atoms, atkoxy group having 1 to 20 carbon 
atoms, alkylthio group having 1 to 20 carbon atoms, alkylsilyl group having 1 to 60 carbon atoms, alkyiamino group hav- 
ing 1 to 40 carbon atoms, aryl group having 6 to 60 carbon atoms, aryioxy group having 6 to 60 carbon atoms, aryialkyl 
40 group having 7 to 60 carbon atoms, aryialkoxy group having 7 to 60 carbon atoms, arylalkenyl group having 8 to 60 car- 
bon atoms, arylalkynyl group having 8 to 60 carbon atoms, arylamino group having 6 to 60 carbon atoms, heterocyclic 
compound group having 4 to 60 carbon atoms and cyano group. At least one R 7 is a group other than a hydrogen atom. 
When a plurality of R 7 s are present, they may be the same or different. 

[0025] Further, adjacent 6-membered rings may be mutually connected directly or via a substituent to form a ring. 

45 j is an integer from Oto 3. Wherein, and X s , X 2 and X 10 , X 3 and X n , and X 4 and X 12 are not respectively the same 
simultaneously, and X 1 and X 12 , X 2 and X 11f X 3 and X 10 , and X 4 and X 9 are not respectively the same simultaneously. 
[0026] Ar-, may be advantageously be selected so as not to deteriorate the fluorescent property of a polymer fluo- 
rescent body, and specific examples thereof include those satisfying conditions such as the relation of Ar 2 and Ar 4 in 
the above-described formula (2) and the like, among groups shown in the following chemical formulae 6 and 7,' and 

so those satisfying the relation of X^ and X 9 , X 2 and X 10 , X 3 and X n , and X 4 and X 12 and the relation of X A and X 12 , X 2 
and X 11f X 3 and X 10 , and X 4 and X 9 in the above-described formula (5), among groups shown in the following chemical 
formula 7. Wherein, when R 9 in the chemical formula 1 1 corresponds to R 7 in the above-described formula (5), at least 
one is a group other than a hydrogen atom. 

55 
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(chemical formulae 6) 

. R 5_y RaR !_J* 8 R 8 , R 8Rs R 8 




R 8 RsRb R 8 



Re RsRs R 8 R 8 RbR 8 R 8 




R 8 R 8 R 8 R 8 

R * R s R e RfiRs R 8 Re v RaR » R s R 8 Ra 

r-* /— < >^=N y=z< ^ 

R 8 R 8 R 8 R 8 R 8 R 8 R 8 R e r 8 r 8 

R 8 R 8 R 8 R 8 R 8 R 8 R 8 R 8 R 8 r 8 r 8 r 8 r 8 Rg 
Re , R ^^ R 8 R eR 8 R 8 R 8 Rs_R 8 R 8 R 8 R 8 R 8 R 8 R 8 R 8 RgRe r 8 

^^^^ -^-^-Q 1 ^^- 

R 8 RsR 8 R 8 R 8 R 8 R 8 R 8 R 8 R 3 R^ Rr^RaR^RaR. R. R B . 

Rb_^R 8 R 8 Ra R 8 R 8 R 8 R 8 Rs^j^R 

R 8 z~ — \ 8 R 8 




R 8 R 8 



' Re .R 8 R 8 R8 8 R fc 8 ^R 

^ 8 R 8 R 8 Ks 





R 8 R 8 



R 8 R 8 



ft 8 -TXR« 8 



R 8 R 8 " 8 ~ 8 R 8 R 8 f 
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(chemical formulae 7) 
. R9 R9 



R9 Rg Kg 





Rg R9 Rg R 



9 r\9 



R 9 Rg 



R9"yJ)"~R9 R9 R9 Rg 
R9 Rg 

Rg Rg 

R9_Rf?9-Q>-R9 Rg R9 




Rg Rg Rg Rg 

A 

^ 9 \s^y ^^9 ^L->/ ^ 9 
R9 R9 CZ>y \Z^"'^9 



Rg Rcf^g 




Rg Rg Rg Rg Rg Rg Rg Rg 

R9 Rg 

R9 R$ ^9""^^" ^9 R9 R9 

Rg Rg R9 ^9 vJ/ ^ 9 ^ 9 ^ 9 ^9 ^9 



Rg Rg 



Rg Rg' 



Rg Rg 



25 



30 



35 



[0027] Wherein, R 8 and R 9 each. independently represents a hydrogen atom or a substituent. Examples of. the sub- 
stituent include alky I groups having 1 to 20 carbon atoms, aikoxy groups having 1 to 20 carbon atoms, alkylthio groups 
having 1 to 20 carbon atoms, alkylsilyl "groups having 1 to 60 carbon atoms, alkylamino group having 1 to 40 carbon 
atoms, aryl groups having 6 to 60 carbon atoms, aryloxy groups having 6 to 60 carbon atoms, arylalkyl groups having 
7 to 60 carbon atoms, arylalkoxygroups having 7 to 60 carbon atoms, arylalkenyl groups having 8 to 60 carbon atoms, 
arylalkynyl groups having 8 to 60 carbon atoms, arylamino groups having 6 to 60 carbon atoms, heterocyclic compound ' 
groups having 4 to 60 carbon atoms and cyano group. In the above-mentioned examples, a plurality of R 8 's or R 9 's are 
present in one structural formula, and they may be the same or different, and they are selected independently each 
other. 

[0028] Regarding substituents other than a hydrogen atom of Ar 1 , there are listed, for example, those shown in the 
following chemical formula 8. In the chemical formula 8, R 10 represents a group other than a hydrogen atom among 
those exemplified for R 8 or R 9 . 



40 



45 



50 



55 



8 



EP 1 074 600 A2 



10 



15 



20 



25 



30 



(chemical formulae 8) 
Rio 





R10R10 




R10 R10 



R10 R10 
R19.R10 




C nht Re 9 a K rdl "9 Ar,, those in which m is 0 or 1 are preferable, and those in which m is 0 are further preferable 
Those obtained by connecting 2 or 3 6-membered rings and condensed rings are preferable, and among thoseTwhich 
9 , 0 l^ZTJ 9r0UPi SUbStitUt£d dina P hthale - Sroup, substituted dianthracene group uosm teS 

er£* A™ I T 9 h r ° UP ' SUbStitUted Pynmidinediylphenylene group, and substituted fluorine are further pref 
<o f urine" S Wh ' Ch " ' S 1 ' 3 SUbStitU,Sd ter P he ^ le - 8«>UP and substituted dipheny.anthracene groupie 

E A^n^^T ' 3 S H bSt,t K ted biphen y' ene 9 rou P and substituted fluorene group are particularly preferable 
inn R t R n 1 above-descr,bed formula (3) and Ar 3 in the above-described formula (4) are an arylene group hav- 

r ~ rr m rr a rn d in the main chain ' or a divaient heter °- iic °° m — 

45 EE^It WhSn Ar2 ° r A ' 3 3 P ' Urality ° f substituents - th *V may be the same or different. For enhancing the solu- 
Mrtyjmo a solvent, ,t ,s preferable that at least one s.ubstrtuent other than a hydrogen atom is carried and it is p efe ab e 
hat the symmetnc property of the form of a repeating unit including a substituent is low Preferable 
mSh °t Ar l maV 56 adVanta 9 eous| y be se,ected so as not to deteriorate the fluorescent property of a polv- 

so ^~:;tt^z\r^ examples thereof inc,ude those diva,ent sro - s - <-!££ 
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(chemical formulae 9) 
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^oups^ 

carton atoms, afky ,si.y, groups having , to 60 c^XTZS^^ M * m ° 9r ° UpS havin 9 1 to 20 

hav,ng 6 to 60 carbon atoms, aryloxy groups havin f e 7c 60 llZ ? P 9 1 t0 4 ° Carb ° n at0ms ' arvl arou P s 
atoms, arylalkoxy groups.having 7 car bon " oms ary'Len^. orotoTh ary,a ' ky ' h3Vin9 7 t0 60 Carbon 

groups having 8 to 60 carbon atoms, arylamino gmup 'having to 60 ca* 7 1 60 ^ ^ 
hav.ng 4 to 60 carbon atoms and cyano qrouo In thP a h™ ♦ at ° mS ' neter °oyclic compound groups 

structural formu,a, and they may beT s'ame'o dSerX Tand ST" T^' * ° f Rs ™ ™ 

or Ar 3 has a plurality of substituents, they may be ^ same o 2 ' 7 f ^ lnde P endent, y each' other. When Ar 2 
preferable that at least one substituent other than a rX n T the s °'^"y into a solvent, it is 

0f w^:R m r^ a e r rt at ' ; 9 unit inciudin ^ ,s carr and rt is preferable that the symmetric 

Pies of the alkyTgroupHf it Tcl^Tn LTsTnc.udeTmTth H ^ 9r ° UP ' rS9ardin9 SP6CifiC sub ^'tuents, exam- 
group, hexyl group, heptyl group, octyl g^oup nonvl aroun ^ P»W' 9rou P) butyl group, penty, 
hexy, group, octy. group and-decyl gToup are ^Z^l^^T*' T 9r ° UP ^ ** and 3 ^ 
atoms are a penty, group, hexy, group, heptyl gCfc nl ° f ^ ^ 9r ° UpS ° f 5 t0 20 cart >°" 
• penty. group, hexy, group, octy, gmup and S^wS^^ZuT* " ^ ^ ^ ^ *« 
0036] Given as examples of the alkoxy groups of 1 to 20 carhnn 

loxy group, butoxy group, pentyloxy group hexyloxv q ou^ Lntl * 9r ° Up ' 6thoxy 9 rou P' 

group. ,aury,oxy group and the Tike and a penX grou "hexvElT ^^f^ 9f ° UP ' n0nyloxy 9 ro ^ 
erable. .ncluded in examples of the alkox groups of t ^oZZ^Z' " ^ deCy '° Xyl 9r0Up are 
tyloxy group, octyloxy group, nony.oxy group decyloxv Qrouo ,°L ^ * 9r ° UP ' hexyloxv arou P. 

hexyloxy group, octyloxy group and W pZEttJ ^ "* ^ ^ 3 pent ^ 0™P- 

[0037] examples of the alkylthio groups of i to 20 carhon =t™, • , , 
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a hydrogen atom, alkyl groups of 1 to 20 oarbon atoms, aryl groups of 6 to 60 carbon atoms, hstero^clic £"*™ d 
groups of 4 to 60 carbon atoms and a cyano group, and Ar represents a hydrocarbon .group of 6 to 60 carbon -oms. 
Specific examples of these groups are the same as those exemplified above. 

(chemical formulae 13) 

R R B *? 

I I I I 

-O- -S- — N— -B— -Si— -C- 

R R 

O O O O O 

11 II II II jl M 
-C- -C-O- -O-C- -N-C C-N- 

R R 

O O O O 

it n ii n 

"<c >r - ~-< C r >- -<c A V N " ~ c ^ c ~ 
11 » Aft 

25 O O O O 



30 [0056] This polymeric fluorescent substance may also be a random, block or graft copolymer or ■ F^J™^ 9 
an intermediate structure thereof, for example> . ran dom copolymer having blocking P-^.^^3^ block . 
obtaining a polymeric fluorescent substance having high fluorescent quantum yield, random copolymer s having 
ing property and block or graft copolymers are more preferable than complete random copolymers. Dendnmers 
copolymers having branching in the main chain and having three or more terminals are also include L 
[0057] Further, as the polymeric fluorescent substance, those emitting fluorescence in a solid state are y 
used, since the material utilizes light emission from'a thin film. „ h i„mfnrm methylene chlo- 

[0058] As good solvents for the polymeric fluorescent substance, there are ^^J^^^^ The 
ride, dichloroethane, tetrahydrofuran, toluene, xylene, mesitylene, tetralin, decal.n, n-burylbenzene and the j ,» 

— .. . . _, .-.i ,-~u, Q n*= in an amount Of 0.1 Wt /o Or more, uiuuyi 



75 



20 



35 



noe, aicnioroeinane, letranyaroturan, toluene, xylene, mesitylene, retrain, uev,= - ormore thouqh 

polymeric fluorescent substance can be usually dissolved in these solvents in an amount ot o.i wi /« u, 
40 the amount differs depending on the structure and molecular weight of 'the polymeric ^T^rms of pol . 

[0059] The polymeric fluorescent substance has a number-average molecular weight of 10 .to 0 in te P 
ystyrene, and the degree of polymerization thereof also changes depending on rep eating s ^ u ^ es a ./ drably 
thereof. From the standpoint of fi| m forming property, generally the total amount of repeating structures preie y 
from 20 to 10000, more.preferably from 30 to 10000, particularly preferably from 50 to 5000. _ 
,5 [0060] When these polymeric fluorescent substances are used as a light ^W™^,^^^* 
purrty thereof exerts an influence on ,i gh t emitting property, therefore, it is P^^^^^^S^ 
zation is purified by a method such as distillation, sublimation purification, re - cr y s,a,lizat '^ 
polymerized and further, it is preferable to conduct a purification treatment such as re-preaprtat.on purification, 
tographic separation and the like after the synthesis. nresent invention 

so [0061] Next, the polymer LED of the present invention will be illustrated. The polymer LED of the present ■ «™™» 
is a polymer LED comprising a pair of eleTodes composed of an anode and a cathode at leas, oneo « = ; 
parent or semrtransparent and a light emitting layer disposed between the electrodes, and a polymeric fluorescen 
stance of the present invention is contained in the light emitting layer. . . . rnn tr _ ncnftrt i n a 

[0062] As the polymer LED of the present invenL, there are listed polymer ^^^S^S^Z 
55 layer disposed between a cathode and a light emitting layer, polymer LEDs having a h *^£_^ b S^ 
between an anode and a light emitting layer, polymer LEDs having an electron transporting layer d fP 05 ^ 5 ^ 
cathode and a light emitting layer and having a hole transporting layer disposed between an anode and a light emitting 
layer. 
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[0063] For example, the following structures a) to d) are specifically exemplified. 

a) anode/light emitting layer/cathode ■ 

b) anode/hole transporting layer/light emitting layer/cathode 

c) anode/light emitting layer/electron transporting layer/ /cathode 

TZT r,efec,ron ,ranspor * 9 — ~ *— * • ' «— 

SS?n two or mo?e fayeT " ' ^"^"^ ^ tranSp0rti ^ «-* a.soeach IndepenSy 

[0070] For example, the following structures e) to p) are specifically exemplified. 

e) anode/charge injecting layer/light emitting layer/cathode 

f) anode/light emitting layer/charge injecting layer/cathode 

g) anode/charge injecting layer/light emitting layer/charge injecting layer/cathode 

h) anode/charge injecting layer/hole transporting layer/light emitting layer/cathode 
. anode hole transporting layer/light emitting layer/charge injecting layer/cathode 

L TJ? , K 3r9e ' njeCtin9 ' ayer/h0le trans P ortin 9 iayer/light emitting layer/charge injecting layer/cathode 
k) anode/charge .njectmg layer/light emitting layer/electron transporting layer/cathode ' ayer/Cath ° de " 
0-anode/l.ght emitting layer/electron transporting layer/charge injecting layer/cathode ' 
m) anode/charge .njecting layer/light emitting layer/electron transporting layer/charge injecting laver/cathode 
o Zt TTT mJeCtin9 ' ayer/h0,e trans P orti "9 '^r/«ight emitting layer/electron ££ES£££Si 
o InoZT tranSP0rt,n£ > layer ^9 ht emitti "9 'ayer/electron transporting layer/charge inking 

rn g CrZ e e ,njeCt,n9 ,aVer/h0le tranSP ° rtin9 ,aySr/ii9ht ^ --P-'n 9 -aTSStnject- 

'5Z. .ayrs: r m , pii,ied r s containin9 an c — ° 

SSL, tvo™^ 

tetrabutyl ammonium ion and the like are exempted ' '° n ' S ° d ' Um '° n ' P ° tassium ion ' 

[0075] The thickness of the charge injecting layer is for example, from 1 nm to 1 00 nm, preferably from 2 nm to 50 



17 



3NSDOCID: <EP 1074600A2J_> 



EP 1 074 600 A2 



hm. 

[0076] Materials used in the charge injecting layer may properly be selected in view of relation with the materials of 
electrode and adjacent layers, and there are exemplified conducting polymers such as polyaniline and derivatives 
thereof, polythiophene and derivatives thereof, polypyrrole and derivatives thereof, poly(phenylene vinylene) and deriv- 
5 atives thereof, poly(thienylene vinylene) and derivatives thereof, polyquinoline and derivatives thereof, polyquinoxaline 
and derivatives thereof, polymers containing aromatic amine structures in the main chain or the side chain, and the iike, 
and metal phthalocyanine (copper phthalocyanine and the like), carbon and the like. 

[0077] The insulation layer having a thickness of 2 nm or less has function to make charge injection easy. As the 
material of the above-described insulation layer, metal fluoride, metal oxide, organic insulation materials and the like are 
io listed. As the polymer LED having an insulation'layer having a thickness of 2 nm or less, there are listed polymer LEDs 
having an insulation layer having a thickness of 2 nm or less provided adjacent to a cathode, and polymer LEDs having 
an insulation layer having a thickness of 2 nm or less provided adjacent to an anode. 
[0078] Specifically, there are listed the following structures q) to ab) for example. 

is q) anode/insulation layer having a thickness of 2 nm or less/light emitting layer/cathode 

r) anode/light emitting layer/insulation layer having a thickness of 2 nm or less/cathode 

s) anode/insulation layer havmga thickness of 2 nm or iess/iight emitting iayer/insuiation layer having a thickness 
of 2 nm or less/cathode 

" t) anode/insulation layer having a thickness of 2 nm or less/hole transporting layer/light emitting layer/cathode 
20 u) anode/hole transporting layer/light emitting layer/insulation layer having a thickness of 2 nm or less/cathode 

v) anode/insulation layer having a thickness of 2 nm or less/hole transporting layer/light emitting layer/insulation 
layer having a thickness of 2 nm or less/cathode 

w) anode/insulation layer having a thickness of 2 nm or less/light emitting layer/electron transporting layer/cathode 
x) anode/light emitting layer/electron transporting layer/insulation layer having a thickness of 2 nm or less/cathode 
25 y) anode/insulation layer having a thickness of 2 nm or less/light emitting layer/electron transporting layer/insulation 

layer having a thickness of 2 nm or less/cathode 

2) anode/insulation layer having a thickness of 2 nm or less/hole transporting layer/light emitting layer/electron 
transporting layer/cathode 

aa) anode/hole transporting layer/light emitting layer/electron transporting. layer/insulation layer having a thickness 
30 of 2 nm or less/cathode 

ab) anode/insulation layer having a thickness of 2 nm or less/hole transporting layer/light emitting layer/electron 
transporting layer/insulation layer having a thickness of 2 nm or less/cathode 

[0079] In producing a polymer LED, when a film is formed from a solution by using such polymeric fluorescent sub- 
35 stance soluble in an organic solvent, only required is removal of the solvent by drying after coating of this solution, and 
even in the case of mixing of a charge transporting material and a light emitting material, the same method can be 
applied, causing an extreme advantage in production. As the film forming method from a solution, there can be used 
coating methods such as a spin coating method, casting method, micro gravure coating method, gravure coating 
method, bar coating method, roll coating method, wire bar coating method, dip coating method, spray coating method, 
40 screen printing method, flexo printing method, offset printing method, inkjet printing method and the like. 

• [0080] Regarding the thickness of the iight emitting layer, the optimum value differs depending on material used, 
and may properly be selected so that the driving voltage and the light emitting efficiency become optimum values, and 
for example, it is from 1 nm to 1 \x m, preferably from 2 nm to 500 nm, further preferably from 5 nm to 200 nm. 
[0081] In the polymer LED of the present invention, light emitting materials other than the above-described poiy- 
45 meric fluorescent substance can also be mixed in a iight emitting layer. Further, in the polymer LED of the present inven- 
tion, the light emitting layer containing light emitting materials other than the above-described polymeric fluorescent 
substance may also be laminated with a iight emitting layer containing the above-described polymeric fluorescent sub- 
stance. 

[0082] As the light emitting material, known materials can be used. In a compound having lower molecular weight, 
so there can be used, for example, naphthalene derivatives, anthracene or derivatives thereof, perylene or derivatives 
thereof; dyes such as poiymethine dyes, xanthene dyes, coumarine dyes, cyanine dyes; metal complexes of 8-hydrox- 
. yquinoline or derivatives thereof, aromatic amine, tetraphenylcyclopentane or derivatives thereof, or tetraphenylbutadi- 
ene or derivatives thereof, and the like. 

[0083] Specifically, there can be used known compounds such as those described in JP-A Mos. 57-51781, 59- 
55 1 9 5 393 and the like, for example. 

. [0084] When the polymer LED of the present invention has a hole transporting layer, as the hole transporting mate- 
rials used, there are exemplified polyvinylcarbazole or derivatives thereof, polysilane or derivatives thereof, polysiloxane 
derivatives having an aromatic amine in the side chain or the main chain, pyrazoline derivatives, aryiamine derivatives, 
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[0098] The method for forming the electron transporting layer is not particularly restricted, and in the case of an 
electron transporting material having lower molecular weight, a vapor deposition method from a powder, or a method 
of film-forming from a solution or melted state is exemplified, and in the case of a polymer electron transporting material, 
a method of film-forming from a solution or melted state is exemplified, respectively. 

5 [0029] The solvent used in the film-forming from a solution is not particularly restricted provided it can dissolve elec- 
tron transporting materials and/or polymer binders. As the solvent, there are exemplified chlorine solvents such as chlo- 
-roform, methylene chloride, dichloroethane and the like, ether solvents such as tetrahydrofuran and the like, aromatic 
hydrocarbon solvents such as toluene, xylene and the like, ketone solvents such as acetone, methyl ethyl ketone and 
the like, and ester solvents such as ethyl acetate, butyl acetate, ethyicellosolve acetate and the like. 

io [0100] As the film-forming method from a solution or melted state, there can be used coating methods such as a 
spin coating method, casting method, micro gravure coating method, gravure coating method, bar coating method, roll 
coating method, wire bar coating method, dip coating method, spray coating method, screen printing method, flexo 
printing method, offset printing method, inkjet printing method and the like. 

[0101] The polymer binder to be mixed is preferably that which does not extremely disturb a charge transport prop- 
75 erty, and that does not have strong absorption of a visible light is suitably used. As such polymer binder, poly(N-vinyl- 
carbazole), poiyaniiine or derivatives thereof, poiyth'ophene or derivatives thereof, poly(p-phenylene vinylene) or 
derivatives thereof, poly(2,5-thienylene vinylene) or derivatives thereof, polycarbonate, polyacrylate, poiy(rnethy! acr- 
ylate), poly(methyl methacrylate), polystyrene, polyvinyl chloride), polysiloxane and the like are exemplified. 
[0102] Regarding the thickness of the electron transporting layer, the optimum value differs depending on material 
20 -used, and may properly be selected so that the driving voltage and the light emitting efficiency become optimum values, 
and at least a thickness at which no pin hole is produced is necessary- and too large thickness is not preferable since 
the driving voltage of the device increases. Therefore, the thickness of the electron transporting layer is, for example, 
from 1 nm to 1 ji m, preferably from 2 nm to 500 nm, further preferably from 5 nm to 200 nm. 
' [0103] The substrate forming the polymer LED of the present invention may preferably be that does not change in 
25 forming an electrode and layers of organic materials, and there are exemplified glass, plastics, polymer film, silicon sub- 
strates and the like. In the case of a opaque substrate, it is preferable that the opposite electrode is transparent or semi- 
transparent. 

[0104] In the present invention, it is preferable that an anode is transparent or semitransparent, and as the material 
of this anode, electron conductive metal oxide films, semitransparent metal thin films and the like are used. Specifically, 

30 there are used indium oxide, zinc oxide, tin oxide, and films (NESA and the like) fabricated by using an electron con- 
ductive glass composed of indium • tin • oxide (1TO), indium * zinc • oxide and the like, which are metal oxide com- 
plexes, and gold, platinum, silver, copper and the like are used, and among them, ITO, indium • zinc • oxide, tin oxide 
are preferable. As the fabricating method, a vacuum vapor deposition method, sputtering method, ion plating method, 
plating method and the like are used. As the anode, there may also be used organic transparent conducting films such 

35 as poiyaniiine or derivatives thereof, polythiophene or derivatives thereof and the like. 

[0105] The thickness of the anode can be-appropriately selected while. considering transmission of a light and elec- 
tric conductivity, and for example, from 10 nm to 10 u m, preferably from 20 nm to 1 u, m, further preferably from 50 nm 
to 500 nm. - 

[0106] Further, for easy charge injection, there may be provided on the anode a layer comprising a phthalocyanine 
40 derivative conducting polymers, carbon and the like, or a layer having an average film thickness of 2 nm or less com- 
prising a metal oxide, metal fluoride, organic insulating material and the like. 

[0107] As the material of a cathode used in the polymer LED of the present invention, that having lower work func- 
tion is preferable. For example, there are used metals such as lithium, sodium, potassium, rubidium, cesium, beryllium, 
magnesium, calcium, strontium, barium, aluminum, scandium, vanadium, zinc, yttrium', indium, cerium, samarium, 

45 europium, terbium, ytterbium and the like, or alloys comprising two of more of them, or alloys comprising one or more 
of them with one or more of gold, silver, platinum, copper, manganese, titanium, cobalt, nickel, tungsten and tin, graph- 
ite or graphite intercalation compounds and the like. Examples of alloys include a magnesium-silver alloy magnesium- 
indium alloy, magnesium-aluminum alloy, indium-silver alloy, lithium-aluminum alloy, lithium-magnesium alloy, lithium- 
indium alloy calcium-aluminum alloy and the like. The cathode may be formed into a laminated structure of two or more 

so layers. 

[0108] The thickness of the cathode can be appropriately selected while considering transmission of a light and 
electric conductivity, and for- example, from 1 0 nm to 1 0 u m, preferably from 20 nm to 1 p. m, further preferably from 50 
nm to 500 nm. 

[0109] As the method for fabricating a cathode, there are used a vacuum vapor deposition method, sputtering 
55 method, lamination method in which a metal thin film is adhered under heat and pressure, and the like. Further, there 
may also be provided, between a cathode and an organic layer, a layer comprising an conducting polymer, or a layer 
having an average film thickness of 2 nm or less comprising a metal oxide, metal fluoride, organic insulation material 
and the like, and after fabrication of the cathode, a protective layer may also be provided which protects the polymer 
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LED. For stable use of the polymer LED for a long period of time, it is preferable to provide a protective layer and/or pro- 
tective cover for protection of the device in order to prevent it from outside damage 

KL lk 1 ^ Pr0t ! Ct l Ve ' ayer ' thSre be USSd 3 P ° ,ymer com Po^°> metal oxide, metal fluoride, metal borate 
iel t il , " C ° Ver> thSre 56 USed 3 9 ' aSS P ' ate ' a p,astic P |ate the surfac * of which has been sub 

oated wi hTn7 "^kT 3 '°K n treatment> the like " and th6re is Suitab 'y used a meth ° d "n which the cover is 
pasted w,th an dev.ce substrate by a thermosetting resin or light-curing resin for sealing. If space is maintained usino a 
spacer rt ,s easy to prevent an device from being injured. If an inner gas such as nitrogen and argon is sealed Tn this 

^in IheTv. P KT nt ° Xidati ° n ° f 8 Cath0dS> and f Urther > by P ' aCin 9 3 desiccan * such as ^ium oxTde and the 

o ocess A^o 1 SPaC6 ' ' l ' S 10 SUPPrSSS the damage ° f an dSViCe b V moisture adherad ^ the production 

process. Among them, any one means or more are preferably adopted 

ShoL in T T'T ' i9ht emiSS '' 0n in P ' ane f ° rm USlng the p0lymer LED of the P resent inv ^tion, an anode and a 
emTsln in n n ! ^ * S ° ^ ™ ' aminated each other - Fur ther, tor obtaining. light 

em.ssion .n pattern form, there are a method in which a mask with a window in pattern form is placed on the above 
descnbed plane hght emitting device, a method in which an organic layer in non-light emission part is forme to obtain 

c e a node" b r9 t v h ; c r ess pr r iding substantiai non - ii9ht emission - and a »»** «t™ oZt:«?*: 

"ectrodes?. ,h t T f^T ^ By 3 pattern * a ^ of these ™thods a " d °V placing some 

!! e ' tr ° d ! S !° tHat ,ndepe . rKtont on/off ,s possible, there is obtained a display device of segment type which can display 

and c' a Zr; S "" F '" T^T f ° r fprmin9 a d0t matrix device ' tt ma V be advantageous that anodes 

XTkind -Z^IZT °? tr r S P ' aCed S ° that thSy Cr ° SS at r ' 9ht an 9' eS - B * 3 met hod in -hich a plu 
E whi^lr f P « ^ "crescent substances emitting different colors of lights are placed separately or a method 
A rint msr h luminescence converting fitter is used, area color displays and multi color displays are obtained 

A dot matnx display can be dnven by passive driving, or by active driving combined with TFT and the like These display 

f °V 2 1 f L Urther * thS above - describe d «9ht emitting device in plane form is a thin self-light- emitting one and can be 

ST. r H? S ! ' at ,i9ht S .° UrCe f ° r baCk -' i9ht ° f 3 liqUid Crystal dis P |a * - - a «« source fo iZinatbn Fur 
ther, if a flexible plate is used, it can also be used as a curved light source or a display. . 

EXAMPLES 



S 14 ^ !° n ll0Wln 9 exam P' es furt her '"^trate the present invention in detail but do not limit the scope thereof 
[0 14] Herein, regarding the number average molecular weight, a number average molecular weight in terms of 
polystyrene was measured by gel permeation chromatography (GPC) using chloroform as a solvent 

35 Example 1 

(Synthesis of polymeric fluorescent substance 1 > 

[0115] 4,4'-bischloromethyl-2,2'-bis(3,7-dimethyloctyloxy)-1,V-biphenylene (0.98 g) and 2-methoxy-5-(2-ethvlhexv- 

7n Jro^ so h '° ri ? { °i 2 " rati °' 98:2) W6re diSS ° ,Ved in 200 9 0f 1 4 " di - a -. «- deaeited b^ bTb. ng 

of nitrogen for 30 mmutes, then, the reaction solution was heated up to 95°C. To this solution was added a solution 

to 97 C, then a solut.on of t-butoxypotass.um (0.42 g)/dry 1,4-dioxane (12 g) was added dropwise They were allowed 
1*1 T.f 98 °°- AftSr rea ° ti0n ' thS miXtUre WaS Cooled t0 50 ° C - and a ™*ed solution of aoeracST' 

2ZZ*»LZ n T a T i0 \ AneT a "° Win9 10 C ° 01 10 r ° 0m this reaction solution was pour ^ n o 

:s:;«z:^z:t^ P :;r sited precipitate was and — - — — — 

[011 6] Then this was dissolved in tetrahydrof uran, and the resulting solution was poured into methanol and ouri 

»°v!»!JL ^ 0Wme ^ fluorescent substance 1 had a number-average molecular weight of 3.2 x 1 0 4 and a weight- 

Tf* X 10 " t6rmS ° f P0 ^^- Re 9arding the structure of this polymeric lorescent 

substance 1 , a spectral corresponding to that of a copolymer of 2,2'-bis(3,7-dimethyloctyloxy)-4 4 P bipSenev nvfene 
and 2-methox y -5-(2-ethylhexyloxy)-p-phenylenevinylene was obtained by ^H-NMR The sfructura tormZTouTe* 
mg unrts of the polymeric fluorescent substance 1 are shown below structural formulae of repeat- 
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(chemical formulae 14) 




(chemical formulae 15) 



20 




H3CO 



30 (Measurement of absorption spectral, fluorescent spectral) 

[0118] The above-mentioned polymeric fluorescent substance 1 and polymeric fluorescent substances 2 to 3 pro- 
duced in the following Reference Examples 1 to 2 could be dissolved in chloroform. The resulted 0.2% chloroform solu- 
tion was spin-coated on a quartz plate to form a thin film of a polymer. The ultraviolet visible absorption spectral and 

35 fluorescent spectral of this thin film were measured by using a self-recording spectrophotometer UV365 (manufactured 
by Shimadzu Corp.) and a fluorescent spectrophotometer 850 (manufactured by Hitachi, Ltd.), . respectively. The 
absorption edge wavelength was obtained from the absorption spectral. The fluorescent peak wavelength was obtained 
from the fluorescent spectral' excited at 330 nm or 41 0 nm. As shown in Table 1 , the polymeric fluorescent substance 1 
of Example 1 had a fluorescent spectral different from any of polymeric fluorescent substances 2 to 3 of Reference 

40 Examples 1 to 2. 

[01 1 9] When the absorption edge wavelengthsof the polymeric fluorescent substances 2 and 3 are represented by 
X p2 and X p3 respectively, the following relation was satisfied: 

1239/X p2 i=1239/A. p3 +0.05. 

45 

Namely, the relation of (c) in Claim 1 could be confirmed in the polymeric fluorescent substance 1. 

Reference Example 1 

50 (Synthesis of polymeric fluorescent substance 2) 

[0120] 4,4 , -bischloromethyl-2 : 2 , -bis(3,7-dimethyloctyloxy)-1,1'-biphenylene (1.0 g) was dissolved in 200 g of 1,4- 
dioxane, and deaerated'by bubbling of nitrogen for 30 minutes, then, the reaction solution was heated up to 95°C. To 
this solution was added a solution of t-butoxypotassium (0.55 g)/dry 1 ,4-dioxane (1 5 g) dropwise over a period of 5 min- 
55 utes. Further, this solution was heated to 97°C, then, a solution of t-butoxypotassium (0.42 g)/dry 1 ,4-dioxane (12 g) 
was added dropwise. They were allowed to react for 2 hours at 98°C. After the reaction, the mixture was cooled to 50°C, 
and a mixed solution of acetic acid/1 ,4-dioxane was added for neutralization. After allowing to coo! to room temperature, 
this reaction solution was poured into a stirred ion exchange water. Then, the deposited precipitate was filtrated, and 
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washed with methanol. This was dried under reduced pressure to obtain a polymer. 

[0121] Then, this was dissolved in tetrahydrofuran, and the resulting solution was poured into methanol and puri- 
fied by precipitation again. This precipitate was washed with ethanol, then, dried under reduced pressure to obtain 0 02 
g of a polymeric fluorescent substance. 

[0122] This polymeric fluorescent substance 2 had a number-average molecular weight of 3 3 x 1 0 4 in terms of pol- 
ystyrene. Regarding the structure of this polymeric fluorescent substance 2, a spectral corresponding to that of 
poiy{2,2-bis(3,7-dimethyloctyloxy)-4,4 , -biphenylenevinylene] was obtained by 1 H-NMR. 

[0123] The structural formula of the repeating unit of the polymeric fluorescent substance 2 is shown below, 
(chemical formulae 16) 




Reference example 2 

(Synthesis of polymeric fluorescent substance 3) 

[01 1 24] 2 -methoxy-5-(2-ethylhexyloxy)-p-xylene dichloride (3.32 g) was dissolved in 300 g of dry tetrahydrofuran 
and deaerated by bubbling of nitrogen for 15 minutes, then, a solution of t-butoxy P otassium (6.72 g) dissolved in drJ 
tetrahydrofuran (30 g) was added dropwise at room temperature: Subsequently this solution was allowed to react for? 
hours at room temperature. Then, this reaction solution was poured into methanol containing 3.5 mi of glacial acetic 
acid, and the produced red precipitate was recovered by filtration. 

[0125] Then, this precipitate was washed with ethanol, then, washed with an ethanol/ion exchange water mixed sol- 
vent repeatedly, and finally washed with ethanol. This was dried under reduced pressure to obtain 1 .3 g of a polymer 
Then, this polymer was dissolved in toluene. This polymer solution was poured into methanol, and purified by precipi- 
tation again. The precipitate was recovered, then, this was dried under reduced pressure to obtain a polymeric fluores- 
cent substance 3. 

[0126] This polymeric fluorescent substance 3 had a number-average molecular weight of 9.9 x 10 4 in terms of pol- 
ystyrene. Regarding the structure of this polymeric fluorescent substance 3, a spectral corresponding to that of polv(2- 
methoxy-5-(2-ethylhexyloxy)-p-phenylenevinyiene} was obtained by 1 H-NMR. ~ ' 

[0127] The structural formula of the repeating unit of the polymeric fluorescent substance 3 is shown below. 

(chemical formulae 17) 




H 3 CO 
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[Table 1] 





Polymeric fluorescent 
substance 


Fluorescence peak 
(nm) 


Excitation .wave- 
length (nm) 


Absorption edge 
wavelength (nm) 


Example 1 


Polymeric fluorescent 
substance 1 


*(460) 548 


330 


425 


Reference example 1 


Polymeric fluorescent 
substance 2 


442 


330 


425 


reference example 2 


Polymeric fluorescent 
substance 3' 


588 


410 


590 



15 *: Shoulder is present around 460 nm 



Example 2 

20 (Synthesis of polymeric fluorescent substance 4) 

[0128] 9,9-bis(3,7-dimethyloctyl)fluorene-2,7-bisboric acid (0.587 g), 2,7-dibromo-9,9-bis(3,7-dimethyloctyl)flu- 
orene (0.592 g) and 1 ,4-dibromo-2 ) 5-bis(3,7-dimethyloctyloxy)benzene (0.01 g)(moiar ratio, 50:45:5) and 0.23 g of 
sodium carbonate were charged into a flask under argon atmosphere, and to this was added 2 ml of toluene, 2.5 mi of 

25 ethanol and 1.2 ml of ion exchange water. The flask was deaerated with argon for 25 minutes, then, 0.08 g of tet- 
rakis(triphenylphosphine)paH'adium was added, and further deaerated for 5 minutes. This reaction solution was heated 
to 90°C, and allowed to react for 12 hours. After allowing to cool to room temperature, the reaction solution was poured 
into met hano l/water. The deposited precipitate was filtrated, and washed with water and methanol in this order. 
[0129] Then the precipitate was dissolved in tetrahydrofuran, and the solution was poured into methanol, and puri- 

30 fied by precipitation again. This precipitate was dried under reduced pressure to obtain 0.59 g of a polymeric fluorescent 
substance 4. 

[0130] This polymeric fluorescent substance 4 had a number-average molecular weight of 1 .6 x 1 0 4 and a weight- 
average molecular weight of 4.2 x 10 4 , in terms of polystyrene. Regarding the structure of this polymeric. fluorescent 
substance 4, a spectral corresponding to that of a copolymer of 9,9-bis(3,7-dimethyloctyl)fluorene-2,7-diyl and 2,5- 
35 bis(3,7-dimethyloctyioxy)-1 ,4-phenylene was obtained by 1 H-NMR. 

[0131] The structural formulae of repeating units of the polymeric fluorescent substance 4 are shown below. 
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(chemical formulae 18) 
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ETJ. ^ ,luo '" csn \ s P««l and absorption spectral of the polymatic fluorescent scoslance 4 were measured 



(Fabrication and evaluation of element) 



[01 33] Onto a glass substrate carrying an ITO film having a thickness of 1 50 nm formed by a sputtering method was 
of 20 1 p ]£ Wt ^ SOlUti0n ° f P °' ymeriC f ' UOreSCem SUbStanCe 4 in ch,orotorm . to form a film Sg a t Sness 
form an Tho r n I' IT.f " ^ ^ 1 h ° UP at 8 °° C Under redUCed P rSSSUre ' then - depoS e iTo 

dented t f Tn ^ dep ° Sited t0 f °™ a 40 nm thick film ' «d MrUm. alumLm was 

deposited to form a 70 nm th.ck film, as a cathode, obtaining a polymer LED. The degrees of evacuation in the dTposi 

Zirjr 8 X 10 T ° rr ° r ,6SS - Wh6n 3 VOlta9e ° f 10 V was a PP |ied to the resulted element, blue EL emission was 

"JS^KSSSr ° f ^ S,ement 3 PSak ^ ^ ~" " - — *~ ofTe £ 



Example 4 

(Synthesis of polymeric fluorescent substance 5) 



\Z a , : ! { 3 ' 7 - dlmeth y |oct y |ox y)P hen y | }- 4 . 4, -bischloromethylbiphenylene and 2-methoxy-5-(2-ethvlhexv 

iTul'LZT* T e , Char9Sd a ' 3 m °' ar rati ° ° f 98:2 " and Po'ymsrized ly a dehydrogenase method sing 
-butoxypotassium. The resulted polymer is called a polymeric fluorescent substance 5 9 

4 4 h nh.nl,^ ^ eSCent subs ^nce 5 is a random copolymer of 2.2'-bi S {4-(3,7-dimethyloctyloxy)phenyl}- 

4,4-b.phenylenevinyleneand2-methoxy-5-(2-ethylhexyloxy)-p-xylenevinylene oxy;pnenyi; 
[0136] The structural formulae of repeating units of the polymeric fluorescent substance.5 are shown below. 
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(chemical formulae 20) 




(chemical formulae 21) 




H 3 CO 



Example 5 

(Synthesis of polymeric fluorescent substance 6> 

[0137] 2,7"bis(bromomethyl)-9,9-bis(3,7-dimethyioctyl)fluorene and triphenylphosphine are reacted to obtain a 
phosphonium salt. This phosphonium salt, 2,7-diformyl-9,9-bis(3.7-dimethyloctyl)fluorene, 2,5-bis(3,7-dimethylocty- 
loxy)terephthala!dehyde are charged at a molar ratio of 1:0.96:0.04, and polymerized by Wittig reaction. The resulted 
•polymer is called a polymeric fluorescent substance 6. 

[0138] This polymeric fluorescent substance 6 is a random copolymer of 9,9-bis(3,7-dimethyloctyl)fluorenevinylene 
and 2,5-bis(3,7-dimethylocty!)phenylenevinylene. 

[0139] The structural formulae of repeating units of the polymeric fluorescent substance 6 are shown below. 
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(chemical formulae 22) 



CH = CH- 
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(chemical formulae 23) 



u — ^ — 
-0-CH = CH — 
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Example 6 

(Synthesis of polymeric fluorescent substance 7) 

SIS?- ?' 2 '** ( ^ and triphenylphosphine are reacted to 

h^ 7^ P r? Sa,t ' Th!S P hos P honium sa, t, 2,2^bis(37-dimeth y ioctyloxy M ,4'-diforrnyl-bi P henylene 2 5- 

>' S ^ charged at a molar ratio of 1:0.96:0.04, and polymerized by 

reaction, i he resulted polymer is called a polymeric fluorescent substance 7 

[0141] This polymeric fluorescent substance 7 is a random copolymer of 2 > 2--bis(3,7-dimethyloctyloxy)biphenylene 
vinylene and 2,5-bis(3,7-dimethyloctyl)phenylenevinylene. pnenyiene 
[0142] The structural formulae of repeating units of the polymeric fluorescent substance 7 are shown below. 
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(chemical formulae 24) 
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(chemical formulae 25) 
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30 Example 7 

(Synthesis of polymeric fluorescent substance 8) 

[0143] 2,2'-bis(4-(3,7-dimethyloctyioxy)phenyl)-4,4 , -bis(bromomethyl)biphenylene and triphenylphosphine are 
35 reacted to obtain a phosphonium salt This phosphonium salt, 2,2'-bis(4-(3,7-dimethyloctyloxy)phenyl)-4 J 4'-diformyl- 
biphenylene, 2,5-bis(3,7-dimethyloctyloxy)terephthalaldehyde are charged at a molar ratio of 1 :0. 96:0. 04, and polymer- 
ized by Wittig reaction. The resulted polymer is called a polymeric fluorescent substance 8. 

[0144] This polymeric fluorescent substance 8 is a random copolymer of 2,2'-bis(4-(3,7-dimethyloctyloxy)phenyl)- 
biphenylenevinylene and 2,5-bis(3,7-dimethyloctyl)phenylenevinyiene. 
40 [0145] The structural formulae of repeating units of the polymeric fluorescent substance 8 are shown. below. 
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(chemical formulae 26) 
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(chemical formulae 27) 



-<0>-CH = CH— 
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Example 8 

(Synthesis of polymeric fluorescent substance 9) 

[0146] 9,1 0-bis(3,7.dimethylocty!).2,7-bis(bromomethyl)-dih y drophenanthrene and triphenylphosphine are reacted 

25°bS 3 n iSX n ^T Th l S K P '° Sph0nium salt ' ^l^bisOy.dimethyloctyD^^-diformyl-dihydrophenanthrene, 
2,,-b.s(3 J 7.d,methyloctyloxy)terephthalaldehyde are charged at a molar ratio of 1 :0.96:0.04, and polymerized by Wittiq 
reaction. The resulted polymer is called a polymeric fluorescent substance 9. 

[0147] This polymeric fluorescent substance 9 is a random copolymer of 9,1 0-bi S (3 f 7-dimethyloctyl)dihydrophen- 
anthrenevinylene and 2,5-bis(3,7-dimethyloctyl)phenylenevinylene. yaropnen 
[0148] The structural formulae of repeating units of the polymeric fluorescent substance 9 are shown below. 

(chemical formulae 28) 
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(chemical formulae 29) 
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CH = CH 




O 



25 



30 



Example 9 

{Synthesis of poiymeric fluorescent substance 10) 

35 [0149] 9,10,1 1,12-tetrakis(3J-dimethyloctyl)*2,7-bis(bromomethyl)tetrah and triphenylphosphine are 

reacted to obtain a phosphonium salt. This phosphonium salt, 9,10,1 1 ,12-tetrakis(3 ,7-dimethyloctyl)-2,7-diformyl-tet- 
rahydropyrene, 2,5-bis(3,7-dimethyloctyloxy)terephthala!dehyde are charged at a molar ratio of 1 :0.96:0.04, and polym- 
erized by Wittig reaction. The resulted polymer is called a polymeric fluorescent substance 10. 

[0150] This polymeric fluorescent substance 10 is a random copolymer of 9,10,1 1 ,12-tetrakis(3,7-dimethy!octyl)tet- 
40 rahydropyrenylenevinylene and 2,5-^5(3, 7-dimethyloctyl)phenylenevinylene. 

[0151] The structural formulae of. repeating units of the polymeric fluorescent substance 10 are shown below. 
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(chemical formulae 30) 
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Example 10 

(Synthesis of polymeric fluorescent substance 1 1) 
[0152] 2 > 2 '-bis(3,7-dimethy!o^^ 

and 2,5-bis(3 5 7-dimethy!octyioxy)-1 ,4-dibromobenzene are charged at a molar ratio of 1 :0.96:0.04, and polymerized by 
Heck reaction. The resulted polymer is called a polymeric fluorescent substance 11. 

[01 53] This polymeric fluorescent substance 1 1 is a random copolymer of 2,2 , -bis(3 J 7-dimethyloctyloxy)biphenvle- 
nevinylene and 2,5-bis(3,7-dimethyloctyl)phenylenevinylene. 

[0154] The structural formulae of repeating units of the polymeric fluorescent substance 1 1 are shown below. 
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Example 1 1 

30 

(Synthesis of polymeric fluorescent substance 12) 

[0155] 4,4'-dibromo-2,2'-bis(3,7-cl}methylocty!oxy)stilbene } 1 ,4-bis(4-bromo-2-(3,7-dimethyloctyloxy)phenylethe- 
nyl)-2,5-bis(3,7- dimethyloctyloxy)benzene, 9,9-bis(3,7-dimethyloctyl)fiuorene-2,7-bis(propyl borate) are charged at a 
35 molar ratio of 1:0.96:0.04, and polymerized by Suzuki coupling reaction. The resulted polymer is called a polymeric flu- 
orescent substance 12. ' 

[0156] This polymeric fluorescent substance 12 is a random copolymer of 3-(3,7-dimethylocty!oxy)phenylene-9,9- 
bis(3,7-dimethyloctyl)fluorene-2,7-diy}-2-(3 I 7-dimethyloctyIoxy)phenyleneviny!ene and 2,5-bis(3,7-dimethylocty- 
locy)phenylenevinylene. 

40 [0157] The structural formulae of repeating units of the polymeric fluorescent substance 12 are shown below. 
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[0158] The polymeric fluorescent substance having a specific repeating unit of the present invention has strong flu- 
orescence, and can be suitably used as a polymer LED and a dye for laser. Further, a polymer LED obtained by using 
this polymeric fluorescent substance shows, lower voltage and high electoluminescent efficiency. Therefore the poly- 
mer LED can be suitably applied as back-light of a liquid crystal display device or a light source in curved or plane form 
for illumination, and a display device such as a flat panel display of segment type or of dot matrix and the like 



fo Claims 
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A polymeric fluorescent substance which emits a fluorescence in solid state and having a number-average molec- 
ular weight of 10 3 to 10 8 in terms of polystyrene, wherein the substance contains each one or more of repeating 
units represented by the following formula (1) and formula (3), respectively, and these repeating units are so 
selected as to satisfy the following conditions (a) to (c): 

(a) : the total amount of the repeating units represented.by the formulae (1) and (3) is 50 mol% or more of the 
amount of the whole repeating units, 

(b) : the amount of the repeating unit represented by the formula (3) is more than 0.1 mol% and less than 9 
mol% based on the total amount of the repeating units represented by the formula (1) and formula (3) and 

(c) : when the absorption edge wavelength of a polymer solely composed of a repeating unit represented by the 
formula (1 ) is represented by X , (nm) and the absorption edge wavelength of a polymer solely composed of a 
repeating unit represented by the formula (3) is represented by X 2 (nm), the following relation is satisfied: 

1239/X 2 +0.05 

— Ar 1 -fCR 1 =CR 2 f n ^ 
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in the formula, is a group represented by the following formula (2); R-, and R 2 each independently repre- 
sents a group selected from the group consisting of a hydrogen atom, alkyl group having 1 to 20 carbon atoms, 
aryl group having 6 to 60carbon atoms, heterocyclic compound group having 4 to 60 carbon atoms and cyano 
group; and n is 0 or 1 , 

-Ar 2 {Ar3} m Ar 4 — (2) 



in the formula, Ar 2 to Ar 4 each independently represents an arylene group having 6 to 60 carbon atoms con- 
tained in the main chain, or a heterocyclic compound group having 4 to 60 carbon atoms contained in the main 
id- chain; at least one of Ar 2 to Ar 4 is a group other than a 6-membered ring, or at least one of Ar 2 to Ar 4 has a 

substituent other than a hydrogen atom; when a plurality of substituents are carried, they may be the same or 
different; adjacent rings may be mutually connected directly or via a substituent to form a ring; m is an integer 
from 0 to 3; wherein, Ar 2 and Ar 4 constitute a structure wherein if Ar 2 moves in parallel to the polymer main 
chain, it does not completely overlap Ar 4 , 

IS 

— Ar 5 {CR 3 =CR 4 |, (3) 

in the formula, Ar 5 represents an arylene group having 6 to 60 carbon atoms contained in the main chain, or a 
heterocyclic compound group having 4 to 60 carbon atoms contained in the main chain; R 3 and R 4 each inde- 
20 pendently represents a group selected from the group consisting of a hydrogen atom, alkyl. group having 1 to 

20 carbon atoms, aryl group having 6 to 60 carbon atoms, heterocyclic compound group having 4 to 60 carbon 
atoms and cyano group; I is 0 or 1. 

A polymeric fluorescent substance which emits a fluorescence in solid state and having a number- average molec- 
ular weight of 10 3 to 10 8 in terms of polystyrene, wherein the substance contains each one or more of repeating 
units represented by the following formula (1), formula (3) and formula (4), respectively, and these repeating units 
are so selected as to satisfy the following conditions (d) to (f): 

(d): the amount of the repeating unit represented by the formula (1) is 10 mol% or more of the amount of the 
30 whole repeating units, and the total amount of the repeating units represented by the formula (1), formula (3) 

and formula (4) is 50 mol% or more of the amount of the whole repeating units, 

. (e): the amount of the repeating unit represented by the formula (3) is more than 0.1 mol% and less than-9 
mol% based on the total amount of the repeating units represented by the formula (1), formula (3) and'formula 
(4), and 

35 (f): when the absorption edge wavelength of a polymer solely composed of a repeating unit represented by the 

formula (1) is represented by X ^ (nm), the absorption edge wavelength of a polymer solely composed of a 
repeating unit represented by the formula (3) is represented by X 2 (nm) and the absorption edge wavelength 
of a polymer solely composed of a repeating unit represented by the formula (4) is represented by X 3 (nm), the 
following relations are satisfied: 

40 

1239/X n a1239/X 2 +0.05 
1239/X 3^1239/X. 2 +0.05 

45 — Ar 6 -fCR 5 =CR 6 > k (4) 

in the formula, Ar 6 is an arylene group having 6 to 60 carbon atoms contained in the main chain, or a hetero- 
cyclic compound group having 4 to 60 carbon atoms contained in the main chain; R 5 and R 6 each independ- 
ently represents a group selected from the group consisting of a hydrogen atom, alkyl group having 1 to 20 
50 carbon atoms, aryl group having 6 to 60 carbon atoms, heterocyclic compound group having 4 to 60 carbon 

atoms and cyano group; and k is 0 or 1 . 

3. The polymeric fluorescent substance according to Claim T wherein the group represented by said formula (2) is a 
group represented by the following formula (5): 

55 • 
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X,-X 2 /X.-X.X X.-XH, 

< M< h— < > 

X4-X3 \X B =X 7 J. X^-Xn 



(5) 



so 



55 



in the formula, X, to X 12 each independently represents C-R 7 or N, and at least one of X, to X 12 is C-R 7 - wherein 
R 7 represents a group selected from the group consisting of a hydrogen atom, alky) group having 1 to 20 carbon 
atoms, alkoxy group having 1 to 20 carbon atoms, alkylthio group having 1 to 20 carbon atoms, alkylsilyl group hav- 
ing 1 to 60 carbon atoms, alkylamino group having 1 to 40 carbon atoms, aryl group having 6 to 60 carbon atoms 
aryloxy group having 6 to 60 carbon atoms, arylalkyl group having 7 to 60 carbon atoms, arylalkoxy group having 
/ 10 00 carbon atoms, arylalkany! group having S to 60 carbon atoms, arylalkvnvl orouo havina 8 to 60 carbon 
atoms, arylammo group having 6 to 60 carbon atoms, heterocyclic compound group having 4 to 60 carbon atoms 
and cyano group; at least one R 7 is a group other than a hydrogen atom; when a plurality of R 7 's are present they 
may be the same or different; the group represented by the formula (5)" has at least one substituent other than a 
hydrogen atom, and when the group (5) has a plurality of substituents, they may be the same or different- adjacent 
6-membered rings may be mutually connected directly or via a substituent to form a ring; j is an integer'from 0 to 
3, wherein, X, and X 9 , X 2 and X 10 , X 3 and X„, and X 4 and X 12 are not respectively the same simultaneously, and 
X, andX 12 , X 2 and X n , X 3 andX 10 , and X 4 and X 9 are not respectively the same simultaneously. 

The polymeric fluorescent substance according to Claim 3 wherein j=0 in said formula (5). 

A polymer light emitting device comprising a pair of electrodes composed of an anode and a cathode at least one 
of which is transparent or semitransparent and at least one light emitting layer disposed between the electrodes 
wherein the polymeric fluorescent substance of any of Claims 1 to 4 is contained in said light emitting layer. 

The polymer light emitting device according to Claim 5 wherein a layer containing an conducting polymer is dis- 
posed at least between one electrode and the light emitting layer so that the layer containing an conducting polymer 
is adjacent to said electrode. 

The polymer light emitting device according to Claim 5 wherein an insulation layer having a thickness of 2 nm or 
ess is disposed at least between one electrode and the light emitting layer so that the insulation layer is adjacent 
to said electrode. 1 

The polymer light emitting device according to any of Claims 5 to 7 wherein a layer comprising an electron trans- 
porting compound is disposed between the cathode and the light emitting layer so that the layer comprising an 
electron transporting compound is adjacent to said light emitting layer. 

9. The polymer light emitting device according to any of Claims 5 to 7 wherein a layer comprising a hole transporting 
compound ,s disposed between the anode and the light emitting layer so that the layer comprising a hole transport 

. mg compound is adjacent to said light emitting layer. 

10. The polymer light emitting device according to any of Claims 5 to 7 wherein a layer comprising an electron trans- 
porting compound is disposed between the cathode and the light emitting layer so that the layer comprising an 
electron transporting compound is adjacent to said light emitting layer, and a layer comprising a hole transporting 
compound is disposed between the anode and the light emitting layer so that the layer comprising a hole transport- 
ing compound is adjacent to said light emitting layer. 

11. A flat light source obtained by using the polymer light emitting device of any of Claims 5 to 1 0. 

12. A segment display obtained by using the polymer light emitting device of any of Claims 5 to 1 0. 

13. A dot matrix display obtained by using the polymer light emitting device of any of Claims 5 to 1 0. 
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14. A liquid crystal display obtained by using the polymer light emitting device of any of Claims 5 to 10 as a back-light. 
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